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&&TijT)ia- jimiziti bT^ssm t om&fr &fl**>-t? y -> y ?\ mm 

ol^T^< ©TO^iSnt^l. (X. X. Zhang, J. S. Bradshaw, R. M. Izatt 
: Chem. Rev.. 97. 3313-3361 (1997): K. Hirose, J. Inch Phenora. and Macr 
ocyclic Chem.. 39. 193-209 (2001). ft tl 0 LfrLWZ^ cn£te. mm.fr 

mmznr\,y%*7jnzyv- tit, \£+7 h-Ji^^-mz^m 

tfc£>*>© (J. Lin. Q.-S. Hu. M.-H. Xu. L. Pu. J. Am. Chem. Soc. 124. 208 
8-2089(2002): J. L. Tian. J. C. Yong. S. Z. Ke. D. Wang. W. G. Da . Z. Y 
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. Xiao. Chirality. 13. 595-600 (2001): D. Wang. T.-J. Liu. W.-C. Zhang, 
W. T. Slaven, C.-J. Li, Chem. Commun.. 1998, 1747-1748) % fc^tfx V K 'J 
v-M<Z>k©(V. J. Pugh, Q.-S. Hu. L. Pu, Angew. Chem. Int. Ed.. 39, 3638 
-3641 (2000): L.-Z. Gong. Q.-S. Hu, L. Pu. J. Org. Chem.. 66. 2358-2367 
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*T U * 5 ;i/SB<fc£«&fl:'r Sctcio TUffl {tdlf x. SU^o^xh Kite & 



4 



WO 2004/018447 




(i) 



tzimmifr 1 ~10CDT;t/*;l/g£^rfo R 3 . R 4 , R 5 . R 6 . R 7 , R 8 . 
v^mifc 1 ~30©t;u*;u^ 3 -SOCD^ftT^^I/gi: 6 ~ 

3o©r u-^s^-^-r^ r 4 tR 5 fci;o'R 8 tR 9 (±^n-en^LT^ 

^2-6O0T;U*U>g£7T2J&bTt>M> o R M *JJ:0'R ,2 {i> *neft,&3£b 
7F-T R"tR 1 bt-\fD)|^f UT^T & £\,^mmi& 2 ~30©T 

7* M ^Snc £"©^$t 6 -20. U £ t < 6 -16CD/\^a^^-r^T 
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-22. b< tt«**8— 18©TU-^xf-— ^16. ^>W/'J*if- 
t7 bfT^'J ^xfx;H4*^f t 8-22> $? * b < ttKXtt 8 ~ 

TkJRJR^fc JlMfrtK * bi^ 

R 3 „ R 4 . R 5 „ R 6 „ R 7 . R 8 . R 9 &J:tfR ,0 (i. Ztl&M&iLVT 

fc.ktfR 8 tR 9 t*^n^Tlf££bT^^2~~60T;l/*U Vg£^J&bT £ 

v\, tuiag^st btit 7mm, ?*-Jim, t;;i, -hai> 

^□yyJH^ (#J*.t*. 7<;», fcffclSC^ JiauSi^ a^*^) 
#tf£ft£o R 3 > R 4 > R 6 , R 7 s R 8 &J;tfR 9 li, 7jc^Jl^t?*> § C i: 

> »*b<tiK*«t3-io©SSttT;u+;mni:^*tf £ft£o SfilteR 6 fc<k 
O'R lo cD0(Jt bTti. 7xx;us> l-t7f/l/^ l-ryTVf;!/!, i-(3.5- 
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$fit^R ,, *>i:a'R ,2 i:bT{i. R 1 1 i:R 12 LT. 5$: 

- ( (CH 2 ) p -0- (CH 2 ) , ) r - 
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(5$«K R* fcJ;tfR 2 liflfBilsJb) 

© SISttBS'ecDiUefiJcCcfc^^itCstatic quenching), 

<2> IS&^flT'©1i5fPffl(C<J:Sm5fc (dynamic quenching) . ,fc<fctf 

<D t^h ©gttfcSMfctflgttC: J: t) WftiR sn-SCfcCJ:* ?g3fc(reabsorp t ion 

quenching) 
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(a) NMR X^? h;U : *«M*n.|^? h;u 
B##ft (#0 SSU JEOL JNM-GSX-270 

(b) IRX^? : 

B##7fc (#0 SU JASCO T7-'J J.^I»^3fe3tStf- FT/IR-410 

(c) fefcg : 

B##7fc (#0 SL JASCO ^i^US^fh DIP-370 

(d) Mt& : 

h^b- h 

(e) 777^^ h;l/ : 

($0 BsmmftffiM, SHIMADZU LCMS-2010 

(f) t-y>*7A^D7hr77^-: 

y ;t/ ? (MERCK) ftlik Silica-gel 60 (70-230 mesh ASTM) 

(g) 9 )\>ftW^m§.frt> : ?l*'7v-?Yy : 7V A - : 
B^tli (#0 SL LC-908 20 mm JAUGEL-1H, 2H GPC 

(h) Il?nv h?y7 4 - : 

y;t/^ (MERCK) *±Uk Silica-gel 60 F 264 
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SOCI 2 



MeOH 



MeO 




(S)-4 



P 



OTHP 



t$J-)\s (300 mL. 7.41 mol) t (S)-(+)-v>-r 
;l/S£5(50.2 g. 330 mmol)£AftTlfi$U fc-Ai&iTCO 0 C{C&£P bfc&. & 
-fk^^--^ (27.0 mL. 379 mmol)£»Tm4J: *) tf>o < 0i:iTU STF»7& 

^*Caa*inj:JS<bf-*-;U t ^ * J -JU&ffiEM% b*r&. 9 o o 

£frv\ W$SJi£7j<. &ftJ&&7k-c&#U ^7«^v^^^^A-e^^-frri 

iitSCtlU^ (S)-(+)-^>7 i «yf-;KS)-6 (47.5 g. 286 mmo 

&{fc#;US/^AW£JR0ttWw 1 LCDtX77X3i:^oD,tJt/A (700 mL) 
t (S)-(+)-v>x;l/i?^f-;l/ (S)-6 (47.3 g. 285 mraol) ^Atlfcl i> t K 
□ tT5> (100 mL, 1.07 mol) £Jjn^T7fc&TTM0#r B 1fg#U h*U>>~^/^ 
7h;U>x;^t-h (3.56 g. 14.2 mmol)£Jjnx.fc 0 ^iSKM bT 3 MffflW. 

&mk®($yi <ofa$i&m (93.9 g) &#fc 0 

SBRftflfcT* lL©=n77X3Ci7j(fh7tKa77> (500 mL) &An 
„ K5>TT>f "CdteiPb/i^ TR^ffcU^AT^^A (6. 

92 g. 182 mmol) £v$o < t> fcfinx.fco 

&<C % #atott©ffl£JS$l(S)-7 (32.9 g)^7Kfb7t Ko77> (50 mL) 
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VLWlstz^ n^b f y-(T^ X-m4T-20 'Ctc&ipU T-bhV (45 mL)*JO 

jr**>^ATtt«IU »iabrafl^fefAtt«lltbT(S)-4 (24.9 g. 112 nunol) 
£#/c (1RSP 97%) o 

OH OH 



T;US *-r;l/THoTiM;Ufc 3 LCDH^7^X3i{-7K^{b^ h 'J (135 
g. 3.27 mol)t7K (540 mL) £A=h^ ft* btt*<6^(:*^U 
ot7i7-^ (508 g. 2.85 mol)£fin*.T^fc(::igfr bfc 0 gi&CM bT3796 
0*;t/A7;l/ft KTkJSifc (1200 mL 16.1 mol)£j[inx.T. 12BTO© Ltc 0 tK 

«l (848 g)^r?#/-c 0 

3 LOHP T-tr 1> > ( 2 L) > 'J +>U (100 g. 720 mmol) 

> BlJgBTi#t>n/ctah U ^"-^^10^-WUAifecD (103 g)fc«fc tfBMft*:* * 
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OMe 
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(43.0 mL. 431 mmol)£j!)D;U 60 'CG>MmV&1t>tl1)< & 3 Bf Wfi0^M^b/c o 
SfilCRbfc^ ?k (500 mL) £Jnx.s 7-bh^D-5"J-i^l/-^-t 
mf£T, McUfco «ftBb^@«:*iR5lttiaU 7R8fe*3L miSLTfk^ll (11 
7 g)£f#/c 0 

»6*lfc<fc^«ll (59.2 g) £48K©JUb7k3fczK (2 L)^Aofc3 L0EP7 
iSdHUT, 7K (500 mL) £Jinx.> »fffi U^)Ulfe@tt:*®5lttjfi Ufco C*l*iS 

feUfttUTh 'J 7'D?^f K8 (53.3 g. 142 mmol) («X^ 73ft) o 

1 H-NMR (270 MHz, CDC1 3 . 30 °C) 6 : 4.00 ppm (3H. s. OMe), 4.48 (4H. s. 
benzyl), 7.49 (2H, s, ArH) 

mtMm 3 ( 2>xf - U > $T tf 3 - 5> h 5/ 5 - h 12©^JS) 



500 mL(D^-X7 ^^^tc, i^xf |/>^"J 3-;H3 (15.0 mL, 155 mmoDifcf 
(300 mL) £Ati> TK^T-CJMfbp- h;Ux>X7U^^;l/ (68.0 g. 351 mm 

oi) otrnztzo ^mrx'Awmmwhtzm. s^WA^fci 

LO£ft7 7X3CAn, SfciSf-eflMfiifc (220 mL) ^Hx.tpH^4 irLfc 0 

K«IU Bi$?ffUT12 (54.4 g. 131 mmol) t bttf/c (IR^ 85%) « 

'H-NMR (270 MHz. CDCU. 30 °C) d:2.45 ppm (6H. s. CH 3 ). 3.61 (4H. t. - 
CH 2 -) , 4.10 (4H. t. -CH 2 "). 7.34 (4H. d. J = 8.3 Hz. ArH), 7.78 (4H. d. 




TsCI 




■> 



TsO' 
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J = 8. 3 Hz. ArH) 



o 



PPTS 



/— \ NaH. THF EtOH 

HO OTHP 



O OMeO 

v 



(SM Br 

(S.S)-14 



M^BfcT. 1 LCDHP7 ^X3(r*W7K x h5 t Ko7 "5 > (250 mL) £60% 
7K^fb-7- h 'J t7A (5.41 g. 135 mmol) &Ati, * c^tKt- b ? t Ko ? ? y 
(130 mL) C:*gfrUfc(S)-4 (19.1 g. 85.9 mmol) £ 1 Bf PtUTWCnTF b^o 6 
0 o CT'3O^r 0 1ii^U/cm> i7Kf h7bKQ77> (130 mL) K&fr L-fcYb*^ 
8 (12.2 g. 32.7 mmol) £1.5 Bf^tfTnTFLfco £ £-Bfc$ # U tn^ 
£^*6, tK?STT'7K (20 mL)£v$o< <9 bT£l££*^T 

•Cgfe^> l!R7K«^r^^f AT«U mffiLTm%&®1ti\tfL%a (26. 8 g) 

^y-;U (130 mL) i: f'J i?r.7AM*7 h (1.14 g. 4.54 m 

moD^Jax.. 50 °CT4 BPMftb^o &^£MEEi§*?& U * ^UtV 7 

(^t>-Itixf;l,) ^StghT'SCiK^'K ^fefa 
^tUT (S.S)-14 (13.3 g. 27.8 mmol) £f#fc 85%) o 

1 H-NMR (270 MHz. CDCh. 30 °C) 6: 3.56 ppm (2H, dd. J= 8.5. 9.5 Hz, -C 
H 2 ~). 3.69 (2H. dd. J = 3. 5. 9.5 Hz. -CH 2 -). 3.73 (3H. s. 0CH 3 ). 4.60 (4 
H. s. benzyl). 4.94 (2H. dd. J = 3.5. 8.5 Hz. methine). 7.28-7.40 (10H. 
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m. Ph), 7.48 (2H, s. ArH) 



^9 9Me9" If _ ^ 0 OMeO 

jj NaH, THF 






Br Br 
(S.S)-14 (S,S)-15 



Mf«8KT\ 2 60%7K^b^hU^A (3.57 g. 89.1 m 

mol)£Atl> ^+-9->"C5f ^a-^ilbl\ iR7Kr- t Ka77> (800 raL) 
£Jjnx.. Mits^-tir/co my^T-h^h Ko77> (100 mL) izmfrVtzik&Qo 
12 (6.52 g. 15.7 mmol)t(S.S)-14 (7.38 g, 15.4 mmol)0>fi'£igift£*r{t&8f 
To- h£ffl^T19BSra*NttTSrFU 65 ^T*22B#Ptti&b;fc&. t(c^TT'7X 
(50 mL)£i»TbTKJ2;£it«>fco J£ilfc£aSEE*fgU*:|§U RSt#'V=MJ-:/-tt 

«*u »ffirUT#?ifef*« i ai (7.44 g) £#fc„ cft^v^y^^A^n 

ttT(S.S)-15 (2.21 g, 3.96 mmol)£»fc (»K^ 0 

•H-NMR (270 MHz. CDC1 3 . 30 °C) 8: 3.42-3.68 ppm (12H, m, -0CH 2 -). 4.26 
(3H. s. 0CH 3 ). 4.52 (2H. d, J = 8. 6 Hz, methine). 4.44. 4.69 (4H. AB. J 
= 10.0 Hz. benzyl). 7.28-7.37 (10H. m, Ph). 7.42 (2H. s. ArH) 
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(S,S)-15 (S,S)-3 

70 mL)£Aft> 7fc&-e&£ULfc^ 60%7K^b^ h 'J »7 A (1.79 g. 44.7 mmol) 
£lHJX.T*f#U x^Vf-*--* (7.0 mL. 92 mmol)£S"J > i? £ *0 ffiT lstz Q 

t^t^h^T I K (30 mL){C^b7 l c(S,S)-15 (1.90 g. 3.42 mmo 
1)£ 1 Of^tfTr&TLT^ 80 °C-C 1 &fT%mW\stz 0 &^T\ M&TX*7k ( 
10 mL)£taxTKJ££#lhU 6 N ^^finX-T^fO ^ao^;l/ATfA 

itiu fii*7>ftJK >7k^ N g&fD^iETKoim-e^u &7j<i»^?* 

^?D7 b777 J-T'ffi^tZZtlz&t), (S,S)-3 (1.32 g. 2.43 mmol) £ 
»fc CMX^ 7135) o 

'H-NMR (270 MHz, CDCh. 30 °C) 5: 3.55-3.80 ppm (12H. m, -0CH 2 -). 4.65 
(2H. dd. J = 3. 1. 8.5 Hz, methine), 4.73 (4H, s. benzyl). 7.29-7.38 (12 
H. m. Ph. ArH) 

mmmi c??^ vx-xms.s)-2 <d&$o 
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O OH O' 





Pd(PhCN) 2 CI 2 
Cul, P(r-Bu) 3 




II 



Br 



(S,S)-3 



(S.S)-2 



30 mL cDHP7^X3(C-t?7 p ^A*jJ;0'3EA^?^*n^<&^*)^^ M^m^TF 
t7l/-«W: a ^gft^JROtttt, 3^fb|0 (I) (4.28 mg. 21.8 jtzmol) 
feW^^DDb^ (^yV~ HJ ;U) '<7 2>*A(lD (32.6 mg, 28.2 /zmol) 
7;l/3'>fHUco ::i:(S,SH (505 mg. 929Aimol\ t'^D^V ( 
5 mL) h U t-7'f^*X7 > (20.0/zL, 73.8 /zmol)£lin;U #f££H&^, 

^tfo/co ddttH^U 2>> (1 mL) ili:lfc7x-;l/7tf b> (125 //L, 

1.11 mmol) 40 4mfflmWLtz 0 7 x-^T-fef-U > (50/zL. 

443jumol)£iilinU £ £(C 2 Of PsIEIf-pbrio fc&TFT^K (10 mL)£Jl!*.. 5l£ 

•J iiffrii? A?D7 - (^t>-?OD«W) > 'JIM?^ 

MW^A^dv hr^^^-CDlHT'^U MfeSttfcbTCS.S)-* (2 
98 mg. 528 # mo 1 )£?#*: (iRJg 57X) o 

'H-NMR (270 MHz. CDCh. 30 °C) 5: 3.55-3.82 ppm (12H. m. -0CH 2 -). 4.67 
(2H. dd. J = 3.0. 8.6 Hz. methine). 4.76 (4H. s. benzyl). 7.25-7.39 (12 

H. m. ArH). 7.44-7.49 (2H. m. ArH). 8.40 (1H. s. OH) 

13 C-NMR (67.5 MHz. CDCh. 30 °C) <5 : 156.0 ppm (4° ). 138.5(4° ). 132.9 
( 3° ), 131.3(3° ). 128.4(3° ). 128.2 (3° ). 128.0(3° ). 127.7(3° ). 126 

.8(3° ). 124.8(4° ). 123.6(4° ). 114.0(4° ). 89.3 (4° ). 87.8 (4° ). 81. 

4 (3° ). 75.0 (2° ). 70.6 (2° ). 70.4 (2° ). 69.0 (2° ) 
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IR (KBr cm -1 ) :3334. 3059. 3029, 2901. 2864. 2208. 1594. 1493. 1477. 14 

52. 1343. 1267. 1093. 755, 701 

itm^tm [a] 25 d = + 82.9 (c 1.02. CHCla) 

Rfe£ 52-54 °C 

MS (APCI) ra/z 563 (M-H) " 

£Lt©*S*. (S)-(+)-v>7 s ;U^t>8^Pg^iR^ 8.5%T\ i£(ll)T*^£ 

mfemt, (10-2-7 -fastS-Jl-ZGl M"\ (S)-2-T S J -I- Zfv<J 

-JlX'teU U~ l btlK), K. /K. =4.3 fcl^Sfct^rafltttffcfflSnfco CH 

WTV^A^x^-hfi^lt &330 nmCM^fe^, 5^(11)^^ 

SCt^fl^n^o ^CC> #©iR.£-e&5312 nm-Cll&£U m^ts^ftst? 
£3340 nmT-O^Bifeg^Mb. -£CDStern-Volmer:/o «, 25 °C(r*> 

tf&Ksv£*a6fc 0 *<Dm&. (R)-2-7=;-l- ya/NV-;KC*fLTIi. 6.6 
M "\ (S)-2-T ^ y-1- ^a/NV-^{C^tbr{i3.3 M ~ l ttttK *(Ditte2{§ 
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2. 5CCI): 



R 




(I) 



tz{tmmm-io<DT^^jvm^-r 0 r\r\r 5 >r\r\r\ 

r 8 *> e kO'R ,0 i4. *nefaf*:ftl/r. 7k^!iC^£^i4ft&g£WbT^Tk «k 
^BHIHS l -30<dt;u*;uS. M^ifc 3 ~30©^r;u+^S*/c (4lfcSt$: 6 ~ 
30CDT'J-;US^-r*^ R 4 £R 5 &J;0'R 8 £R 8 tt*n^n«f*UTK* 
&2^60©r;i/*u:/££3&JSUCt>J:i\, R 11 *Ji;0'R 12 (4. ^nen&AlL 
T> 7K^JlT-^/wl4^T-a^^WbT^TfcJ:i^^l ~15©t;1/^;uS^t 

Tjr-r^ R" tR 12 ^^bT^^aJM^^:Wb-rv^Tt> J;V^^2~30CDT 
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3. »3fc^l *^ti2ia«©^ef4Yk'&%^^«*4 i 5;l/-b>'9— < 
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